Introductiom
There are several types of device, from « reactive » silencers in the exhaust systems of internal combustion (I.C.) engines to orifice flow meters in gas pipelines, in which intense sound waves are transmitted through perforated plates having mean fluid flow through the perforations. It is well known that both high acoustic amplitude and mean flow can independently bring about the conversion of acoustic energy into vortical energy, with subsequent dissipation of the sound energy into heat. This occurs because of the interaction between a superimposed sound field and a free shear layer, caused either by a high velocity acoustic flow (in the absence of a mean flow) or by a mean flow, separating upon encountering a sharp edge. This interaction also manifests itself in other transmission properties of the perforated structure, such as the acoustic impedance (in the case of periodic excitation). Sivian [1] was perhaps the first worker to note the (*) This work was supported by the National Science Foundation under Research Grant MEA 8312399. nonlinear impedance of orifices subjected to high amplitude sound fields in the absence of mean flow. Ingard and Ising [2] investigated both high amplitude acoustic impedance effects and mean flow effects at orifices, and found that high acoustic amplitude (with zero flow) and mean flow (at low acoustic amplitude) had similar effects in bringing about an increase in orifice resistance, over and above its linear, zero flow value. In the presence of both mean flow and high amplitude sound waves, however, the orifice flow field became rather more complicated, and different effects were noted in opposite flow half-cycles. A number of other workerve has investigated the interaction between intense sound waves and orifices, more or less thoroughly. Hersh and Rogers [3] , for example, gave a relatively detailed treatment of the acoustic impedance of orifices at low and high amplitudes with zero mean flow, and used a locally spherical inflow model that was an improvement on the parallel flow assumption made by certain other workers. In other work, investigators have concentrated on the acoustic energy loss mechanisms (as opposed to the impedance) involved in the interaction between a sound field and a Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/rphysap:01986002102015100 free shear layer. Bechert [4] and Howe [5] , for example, reported significant experimental and theoretical studies (respectively) of this phenomenon.
In the majority of published works on acoustic interaction with sharp edges -with and without mean flow -it has been assumed that either the sound pressure or the particle velocity varied harmonically with time. Exceptions to this are a report by Rice [6] and a paper by Cummings [7] , and in both of these pieces of work the differential equation governing the fluid flow in an orifice was solved numerically, for an arbitrary time variation of the forcing pressure. An experimental study of the transmission of high amplitude impulsive sound waves through duct terminations (nozzles and orifice plates) is reported by Salikuddin and Ahuja [8] , and Cummings and Eversman [9] In the other cases studied, similar conclusions were reached. Indeed, the theoretical results presented in reference [7] , for the transmission of intense sound through orifices in the absence of mean flow, were obtained by completely neglecting the constant term in the forcing pressure. Even so, excellent agreement was obtained between the predicted and measured transmission properties of orifices for periodic signals. A salient point here is that the measuring microphone could not detect the D.C. component of the signals.
In view of the above comments, it was decided to discard the constant term in the forcing pressure, in equations (12) and (14).
Measurements.
The arrangement by which experimental tests were conducted is illustrated in figure 5 . An orifice plate was mounted between flanges in a 50.5 mm internal Fig. 5 [7] ) ; and, of course, single hole and multihole orifice plates were examined, as well as the effect of differing orifice diameters ; both short-duration transient signals and bursts of periodic signal were also utilized. We discuss only representative cases here.
In figure 6 , a comparison is made between the predicted an measured p2 -t histories for a single 6.4 figure 9 . The ratio between the peak positive values of pi and p'2 in figure 8 is 15.3, and is 11.2 in figure 9 . There is clearly much more variation here between these pressure transmission ratios than there is in the case of the data shown in figures 6 and 7, and this is because the data in figures 8 and 9 correspond to situations where flow reversal occurs during the negative flow half-cycle. For example, the predicted negative peak value of 03C5'0 in figure 9 is -31.6 m/s, whereas Vo = 19.9 m/s. In figure 10 , the predicted and measured transmitted pressures are shown for a transient wave of fairly high pressure impinging on a 12.7 mm diameter sharp- figure 7 ; although the peak incident pressure there is only about half that of the data in figure 10, 
